This paper studies an infection of norovirus and astrovirus in outbreaks in Korea. In March 2016, gastroenteritis outbreaks occurred in Busan. 522 students of three departments at university D had meeting at a restaurant near the university. Some of them had symptom such as diarrhea, vomiting. Epidemiological, laboratory and environmental investigations were performed to identify the agents of the outbreaks. Fecal specimens were collected from 35 students and 7 food handlers to identify causative viral agents. Norovirus genogroup GI and GII were detected from diarrhea patients. Astrovirus was also detected from some of them. In particular, these outbreaks were the first occurrence associated with astrovirus in Busan. Total of 42 samples were collected, and 24 samples resulted in positive to norovirus (16 cases) and astrovirus (8 cases). To identify the molecular genetic information of norovirus, we carried out sequences analysis of the detected strains. Norovirus genotypes were classified into GI.3, GI.4, GII.4, GII.13, GII.17 and GII.21. Astrovirus genotypes were seven astrovirus type 5 and one astrovirus type 2. We performed environmental investigation about water at the kitchen, but norovirus and astrovirus were not detected. The statistical analysis was conducted to evaluate the association between illness and risk factors. The results of this study may contribute to accumulate more the epidemiological data and develop the public health and hygiene.
Introduction
Acute gastroenteritis has been known as one of the most frequent diseases and became a major public health issue worldwide. The surveillance of gastroenteritis in Korea has revealed that gastroenteritis caused by viruses becomes more common and viral infections increase [7] . Now norovirus becomes a major causative agent of gastroenteritis outbreaks reported worldwide. Norovirus is a non-enveloped, single-stranded RNA virus, classified into five genogroups, so called GI~GV, based on amino acid identities in the VP1 (ORF2) [5] . According to a previous study [13] , norovirus can be classified into genotypes, with 9 genotypes belonging to genogroup GI and 22 genotypes of genogroup GII, which is used as the classification standard in this paper.
In recent decades, norovirus GII.4 has been reported as the most common circulating genotype worldwide [8] . Recently, norovirus GII.17 is becoming the remarkable type causing large-scale outbreaks of gastroenteritis [14] . The symptom of norovirus is characterized by acute onset, nonbloody diarrhea, vomiting, nausea and abdominal pains.
Astrovirus is a causative enteric pathogens, and it can be classified genetically into eight genotypes based on the capsid protein precursor (ORF2) [17] . Astrovirus type 1 has been reported as a predominant type in the world. Astrovirus is a small, non-enveloped, round, single-stranded RNA virus [15] . Astrovirus induces a watery mild diarrhea that is lasting during 2~3 days and may be related to vomiting, fever and abdominal cramp [16] . However, astrovirus is clinically less severe than norovirus infections [3, 21] . There are some researches about astrovirus outbreaks in various countries. Astrovirus infection was very common in children more than 3 years old in France [2] . 80% of astrovirus infections occurred in children less than 3 years old in Spanish [6] . In contrast, there was an outbreak of astrovirus gastroenteritis in residential care home for elder people in Scotland [9] . In Korea, the outbreak of the astrovirus infection was occurred in riot police camp in 2014 [8] . Astrovirus may be a major cause of gastroenteritis in NoV : Norovirus, 2) AstV : Astrovirus young children, elderly people and immunocompromised adults [18] . The public health authority needs to give more close attention to astrovirus because of the outbreaks in adults [1, 19] . This study conducts an epidemiological analysis on the outbreaks incidence of acute gastroenteritis of the university students in March 2016, Busan. We collected data associated with the outbreak information including dates, locations, number of patients, patient symptoms and contributing factors. We identified the epidemic characteristics of norovirus and astrovirus from the oubreaks. In this study, we report firstly that astrovirus was the causative agent to the acute gastroenteritis outbreaks in Busan until now.
Materials and Methods

Epidemiological investigation
On March in 2016, some students of department A in university D attended a meeting at a restaurant, and some patients with diarrhea, vomiting, chills visited the public health center. The epidemiological investigation team recognized that there were similar cases of department B and department C in the university. All outbreaks occurred at the same restaurant. The epidemiological investigation team had a site survey, and obtained the menu of the restaurant, and investigated other external factors. The restaurant used the water supplied by mixing tap water and underground water. We collected the water 1.8 l by using the water sampler at the kitchen in the restaurant.
Specimens and RNA extraction
Fecal specimens were collected from 35 acute gastroenteritis patients and 7 food handlers. The specimen was diluted in phosphate buffered saline and vortexed for 3 min, centrifuged at 3,000 rpm, for 20 min, and collected the supernatant. Viral RNA was extracted using a GM-autoprep Kit (Green Mate, Korea) according to the manufacturer's instructions. The environmental sample was tested according to the Food code of the ministry of food and drug safety. Table 1 .
Nucleotide sequencing and phylogenetic analysis
The PCR products were purified using a QIAquick Gel Extraction kit (Qiagen, Germany). Sequencing analysis was performed using a Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) in ABI 3730XL Genetic Analyzer (Applied Biosystems, USA). The partial sequences of the capsid genes of norovirus and astrovirus isolates were aligned by Cluster W and compared to reference strains ( Table 2 ).
The phylogenetic analysis was determined using MEGA program based on the neighbor-joining method with 1,000 bootstrap replicates for genotype classification. 
Results
Epidemic distribution of the outbreaks Cases were defined as patients with at least two symptoms within 24 hours. The number of patients was 15 of group A, 16 of group B, and 4 of group C. The infection rates are 12.3%, 5.0%, and 5.0% respectively, which is presented as in Table 3 .
The first patients in group A with symptoms of diarrhea, abdominal pain, nausea and fever appeared on March 11 and the number of patients peaked on March 12. The disease onset of group B was on March 12 and the number of cases peaked on March 13. By the way, illness onset of group C was on March 17 and number of peaked case on same date (Fig. 1) .
The symptoms of the outbreaks were diarrhea, nausea, abdominal pain, vomiting, chills, fever, headache. All the patients from groups A, B, C had mainly diarrhea, and patients had abdominal pain 77.1% and nausea 71.4%, which can be observed as in Table 4 .
Laboratory analysis
For fecal specimens and environmental sample, the laboratory tests were performed and shown in Table 5 Fig. 2 that the similarities of the nucleotide sequences is 100% for AstV type 5. Phylogenetic trees of norovirus are shown in Fig. 3 (GI) and Fig. 4 (GII) . The genotype of sequences was decided in agreement with more than 90 % identity of reference sequences. The nucleotide sequence previously registered in the GenBank also had a high level of similarity at 94.8-96.0% with GI and 97.0-98.6% with GII.
Note that the dates of the outbreaks at the restaurant are various and there is no mandatory regulation that the private restaurant keeps the food ingredients unlike school cafeterias. Thus it is difficult to identify directly the pathogen on food because the food and ingredients don't remain at the restaurant. Moreover there was no norovirus and astrovirus positive in the underground water. We investigated the food which patients had on that date, which are summarized as in and therefore is not infectious anymore [10] . By contrast, astrovirus type 5 is an uncommon strain in Korea, and a few individuals possess immunity. In this study, 8 astrovirus strains were detected and 7 of them were identified astrovirus type 5. Astrovirus generally induces mild diarrhea in infants [2, 6, 11] , however in this study, astrovirus infection induced gastroenteritis especially in adults. This paper found that norovirus GII.17 and astrovirus type 5 were the most predominant genotypes. Therefore, it can be concluded that the genotypes identified in this study might be the significant types in outbreaks in Korea. However, norovirus and astrovirus were not detected in ground water at the kitchen of the restaurant. Indeed, the statistical risk showed the exposure to patients and sharing a filtered water was associated with the spread of infection.
The analyzed results suggest that there may be several infection routes for the norovirus and astrovirus infection. This is the first report of molecular epidemiology of norovirus and astrovirus infections in acute gastroenteritis, associated with outbreaks in Busan, Korea. The outbreaks related to astrovirus have not been found in Busan before, and has been rarely studied in the literature. Consequently, this paper considered an important epidemic outbreak. In addition, the genetic characteristics of norovirus and astrovirus from patients have also been analyzed, and it was characterized statistically the transmission route that might cause gastroenteritis outbreaks. 
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